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By G.ChesterEurlong‘aridJmnesE. Fitzpatrick

Theeffectsof“Machmmber and,Reynoldsmmiberon the.maximum
liftcoefficientofa wing&fHACA230meriesairf011‘sectionsare
presented.TherangesorMachnmiberforthe wind-tunneltests were
from0.10to0.35andfrom0.08’‘toO.27;thecorrespond ReynoMs
numberrangeswerefrcnn1,530,000to 4,530,000and”from2,450,000
tO ~,880,000, respectively. .,

.. .
Thewiw wastestedwi&&fulll-spanandp~tlal --spansplitflaps

deflected60 ekdwithoutflapa.Leadin~-e~e-roughnesstestswere
madewiththeflaps-retractedccnfigumition.Sanecliordwisepressure-
distributionmeasurementsweremadeforallflapconfigiwationsof
themodel. ..

Theresultsof the‘tsstsindicatedthatpedkv’alueeofmexinum
liftcoefficientwere’obtained,atrelativelylowfree-streamMach
numbeks(approx.0.20fm thefM.p5-deflectedconfigurationsand0.25
to0.30 fortheflaps-retracteii‘cbnf@zration)andoccurredwhenthe
criticalpressurecoefficientwasr“eachedon“the~per surfaceof
thewing. Thevalue3ofmaximumliftcoefficientwereincreased
by increasingReynoldsnuiiberor deflecti~theflaps,butinboth
casesthecriticalpressurecoefficientwaareachedat lowerfree-
streamMachnumbers.Afterth6criticalMachnumberhadbeen
reached,thevalueofmexinwmliftcoefficientwasappreciably
reducedandtherewasan indicaticmthatbeyondthecritical -
Machmmber”theeffedt‘ofReyimldenumberon themaximum liftbecomes
mm?kedly:reduced.’Thevalueofmaximumlif’t”coefficientbeforethe
criticalMachnumberwasreachedwasalmostetitirblydependenton
Reynoldsnumber,butevenin thelowMachnumberrange,Machmmiber
effectsshouldnotbe neglected.Anymethod,therefore,thatis
utilized.topredictflightvalues:ofmaximumliftcoefficientfrom
wind-tunneldataby accountimqfora differenceinReynoldsnumber
andneglectinganychangeinMachnpmbermay@ve,erroneousresults.

. . ..’.
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JJVI!RODWCTION

Estimatesof’flightvaluesofmaximumliftcoefficientfromwind-
tunneltestsareusuallymadeby accountingfortheincremental
changeinUl?tcoefficientthatresultsfromdifferencesinReynolds
number.Theeffectsofa variationofReynoldsnumberon themaxima
liftcoefficientandthestallphenomenonaredescribedinreferences1
and2. References3 and4 indicatethatcompressibilityeffectson
themaximumliftcoefficientmayoccuratrelativelylowfree-stream
Machnumbers(0.20) A knowledgeof theinterrelatedeffectsof
MachnuniberandReynoldsnumberonmaximumliftcoefficientis
importantintheinterpretationofwind-tunneltestdata,inflight
problemsconcerningairplanemaneuveringperformance,andin
propeller~erformanceathighthrustconditions.Becauseof the
importanceofMa,chnumberas showninreferences3 and4$any
estimatedflightvaluesofmaximumliftcoefficientmaybe
questionableifonlythedifferenceinReynoldsnumberIStaken
intoaccount.As dataconcernirqjtheeephenomenaareincomplete,
thepesenttestshavebeenmadetoexplainfurthertheeffectsof
MachnuniberandReynoldsnumberon themaximumliftcoefficientof
a w~ng.

Thepresentpapercontainstheresultsof teetsmadewitha
wingofNACA230-seriesairfoilsecti,onsintheItu@eylg-foot
pressuretunnel.Thetestswereconductedat tunnelpressures
of14.7 and33 poundspersquareinchabsolute ~ese t~e]-
pressuresgaveMachnumberrangesof0.10too 35and0.08to0.27.
ThecorrespondingReynoldsnumberr

%
eswerefrom1,530,000

to4,530,000andfrom2,4~,000to7, ,000,respectively.The
testsIncludedforcetestsandchordwisepressure-distribution
measurementsat sixspanwisestations.

Thetestsweremadew?.ththewingmodelequippedwithfull-syam
andpwtial-spmsplitflapsdeflected60°andwithoutflaps.In,
addition,forcetestsweremadewithleading-edgeroughnessforthe
flaps-retractedconfi@ration.

Thereareincludedhereindatafromtestsofthiswi~ inthe
Langley1,6-foothigh-speedtunnel,partofwhichdatahasbeen
publishedinreference5.
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aspectratio (b2/S)

cross-sectionalareaof’testsection,squarefeet
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liftcoefficient(L/qoS)

maximumliftcoefficient

diameteroftunneltestsection:feet

lift,pounds

free-streamMachnumber (Vo/a)

criticalMachnumber;free-streamMachnum%erwhen
localMachnumberis1.00

.( )P - Popressurecoefficient——
~o

criticalpressurecoefficient;pressurecoefficient
ata local14achnumberof 1.00

i Pv(#ofree-streamReynoldsnrmiber--—P
wingarea,squarefeet

free-streemvelocity,feetpersecond

speedof sound,feetpersecond

(’))dCL
slopeof liftcurveincompressibleflow

,=

slopeofliftcurveinincompressibleflow

(~)iorac(-$J(seereferencej

.
two-dimensionallift-curveslope p++)

wingspan,feet

()~rb/2meanaerodynamicchord(M.A.C.),feet C2 dyE;
jo

c localchord,feet
.
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chordoftipsection

sectionliftcoeffislent

localstaticpremm.ure,poundspersquarefoot

free-streamstaticyressure,puundspersquarefoot

pressureinLangleylg-footpressuretunnel,poundsper
squareinchabsolute

free-streamdynsmiepreesure,poundspersquare foot

distancealonglocalchordfromleadingedge,feet.,

lateraldistanceperpendiculartorootchord}feet

sn@e ofattuck(wingrootchcmd),degrees

sectionangleofattack,degree=

emgleofattackatmaximumliftcoefficient,
degrees

com.pressibili.tyfactor(=?) ~

flapdeflection,de$~a”ees

Jet-boundarycorrectionfactor(raference7)

massdensityofairjslu~spercubicfoot

coeffioien%ofviscosityofair,pound-seccmds
persquarefoot

Modelan~Apparatus

A three-viewdrawingof thewingispresentedasfi~ve1. All
pertinentgeometriccharacteristicshavekeenincorpx?atedinthis
figures Therootsectionof thewingisanNACA23016airfoil
sectionandtheconstructiontipisanNACA23009airfoilsection.
Thewinghasa spanof W feet,an aspectratioof6, a taperratio
of2, an ayodynamicwashoutof4° (4.0geometricwashout),a dihedral
angleofO , ml sweeybackof 3,2°(one-quaz+terchordline).

8
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Inasmuchas thewingwasofri~idsteelconstruction,no
appreciableamountsofdeflectionor twistwereencounteredduring
thetests.,.

Thesplitflapstestedhada chord20 percentof thelocal
WiZlgchoyd.Thespinsof thefull-spanandpartial-spanflaps..
were99 percentand5S”percentof thewingspan,re~pective~’
Bothflapsweredeflected60°withthelowersurfaceofthewing,
andtheflapewereheldinplacebyblocks.Fi@re 1 showsthe
layoutof theflsps

Theleading-edgero
T

esswasobtainedby sprayingfine-
grainedCarborundum(No. ) onfreshlyappliedshellac.The
ro
Y

essextendedacrosethecompletespanovera surfacelength
of percentchordmees~edalongthewingsurfacefra theleading
edgeonboththeupperandlowersurfaces.

Themodelwasmountedon thenormalwing-sup~rtsystemof
theLangleylg-footpressuretunnel.(Seefig.2.) Thetips of
thesesupports,or thatpartextendingup fromthesupyortfairings,
weredesi,gnedtodupltcatethoseusedinthetests,ofreference5.
The’aerodynamicforcesandmomentsweremeasuredby a simultaneous-
recordingsix-componentbalancesyetem.

ThewinRcontained33 surface-pressureorificesat eachof
thesixspanwisestat3.ons.Fi@.re1 showsthespanwiselocation
of thestationsanda t~icalchordwisedistributionofpressure
orifices.Thepressureleadswereconductedinternallytoa pipe
protrudingfromtheroot-chordtrailinge~e (fig.1). I&or&the
trailingedge,thepressureleadsweretakentomultiple-tube
manometersthrougha speciallydesignedtube-trensfer❑yetem.
Thissystem,whichisshowninfigure3,allowedcontinuoustesting
throughtheangle-of-attackrangewithoutnecessitatingmanual
adjustments.Thetube-transfersystem.however,didnotallow
forceteststobe madesimultaneouslywithpressuremeasurements
and,consequently,forcetestsweremadewiththesystemremoved.
Duringtheforcetestsa shortfairingcapcoveredthepipe
extendingfromtheroot-chordtrailingedge.

Tests

Testswereconductedat twotunnelpreesuresof 14.7
and33 poundsperequareinchabeolute.Therangesof’Machnumber
S@ Reynoldsnumberthusobtainedare
.——
Tunnelpressure Machnwiberrange Reynoldsnumberrange
(lb/sqin.) ...— ,

14.7 0.20 to0.35 I 1,530,000to4,530,000—.
33 t o.08tx3 0.27 ~2,4z,ooa to7>880,,000—-----
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Fm conven3,ence,tests mafleat tunnelpressures
per squareinchabsolutearedesign&tedp19,=
respectively.

Nl\C#.TNNo. 1299

of 14.7 and33 pounds
14.7 and Q19‘ = 33,

Tam testsweremadeforallmodelflapconfi~urationsatbcth
tunnelpressures.Inaddition,scaleeffectonkcreswasinvestigated
l?ortheflaps-retractedconfiguration.Theresultoindicatedno change
inta~e+JWOUPJtheMachnmher andReynoldsnumberrangesobtainable
intheLangley1~-footpressuretunnel.

Forcetestsweremadethroughthetunnel-speedrangeatboth
tunnelpreesuresforallflapconfigurations.~,eading-edge-roughness
testswerealsomadeat%othtunnelpre~mrecfc.rKheflape-
retractedconfi~wation.Theforcetestsata tunnelpressure
of 33poundspersquareinchabnoluteweremaileat speed~which
wouldproduceeithertiiesameMachnumbersorReync~ldsmmibersas
thoseof similarteetsreportedinreference5.

A co~paiaison of.themaximum-lift-coefficientflataobt.-d.ned
in thetwowindtunnelsforthesametestconditionswasmade,
A Langley16-foothigh-speedtunnelcondition(Machnumber
of0.15andReynoldsnumberGf2,4~0,000)wasreproducedinthe
IJ~bY l~-fuotpressuretunnelat a tunnel.pressureof16.5 pounds
per squareinchabeolute.

Chcr&i.se-pressure-distributionmeasurementsweremadeat
3?19:= 33 forvaluesd l?kchnumberendReyncldsnumbercbtained
inforcetests.

Visualobservationscf thestallpatternweremadeby tuft
surveysat severaltunnelalrepeeda.

Thewingwastestedthroughan angle-of-attackrangefrom-3.~0
throughthestall.A constmtvalueofMachnumberorlle~olds
nWQb9rwasmaintainedduringa ruin%y prcperadjustmentGf the
dynemicpremuretoaccountforchangesintemperat~e~d pressure.

CORRECTIONSTCIDATA

Theliftcoefficients
interferenceas determined

ForceTests

havebeencorrectedforsupport-strut
by tareteds.

●
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Theanglesofattackhavebeencorrectedforati-~tream
miealinementandjet-bounde~yeffecti.Theair‘stremmisaline~z~t
wasdeterminedduringthetaretests,andthejet‘boundary
correctionwasdetemimedby thefollowingeq~tionderivedfr~~
reference8:

()

1.c5eAa.= 1 + --—
DP

6W$57●3CL

Thisequationcontainstheangle-of-attackcorrectionat the
liftinglineforthecaeeofa win;%:lthan ellipticalspanwise
loaddietrihutionandalsoan additionalcorrectio~fortheinduced
etresmlinecurvature.Theterm 13hasbeenintroducedtoaccountfor
compreseihllity
Langley19-foot
sufficeandthe

effects(reference6). Forthetestsin the
pressuretunnel,a meemvalueof p wasfoundto
correctionto~le ofattackbecmes0.6780c..

PressureDistribution

No correctionshavebeenappliedto thelocalvaluesof static
pressure.Thelccaleffectsof thestrutssndWELUSonthese
preseuresareassumedtobe negligible.h thecomputationof the
preseurecoefficlente,however,average@cmmicpresmreendfree-
streamstaticpressmeacrosstheqmn havebeenumd.

R?SULTS

ThevariationofMachnumberwithReynoldsnumberobtitied
fromtestsreportedinreference7 of thesamewingas tistedherein
andobtainedatbothtunnelpressuresin theLar@ey19-foot
pressuretunnelis ehowninfigure4. AllvaluesofReynolds
numberhavebeenbasedon themeanaerodynamicchordof b~lewing.
ThemaximumdeviaticmsofMachr~ber anilReynoldsnWiberfromthe
curvesforthesetestsintheLangley19-footpressuretunnel
arewithinvalueeof M. = %.01 end R. = t2Cl,(?O0.

Thelift-coefficientdataobtainedfromforcetestsinthe
La&ley19-foctpressuretunnelarepresentedinfigure7. mj.s
figureincludesdataforfourconfi~ationa,#at W, forfla.pe
retracted,forpartial-spenflaps,forfull-spanflap, andfor
flapsretractedwithleading-edgeroughnessatboththeLangley
19-footpressuretunnelconditims.

A checkruntadeteminethevaluesofmaximumliftcoefficient



thatwouldbe obtainedinthetwotunnelsunderthessmetest
conditionsgavea velueofmaximumliftcoefficientof 1.35,
as comparedwitha valueof1.36 (reference5)obtainedinthe
Lan@ey16-foot high-speedtunnel.Thisagreementwasconsidered
satisfactoryandJustifiedanyconclusionsinterpretedfromthe
resultsofbothtunnels.

Theslopesof theliftcurvesforthefl.aps-retiactsd
configurationwithendwithoutleading-edgeroughnessandthe
slopescorrectedtoincompressible-flowconditionsby themethod
ofreference6 are plotted against Reynoldsnumberin figure 6.
Thefigure showsthe applicability of the correction factor of
reference 6 in convertingslopes of these Itft curves from
compressible-flowconditionstoinccqressible-flewc~ditiona.
Afterthecorrectionfactorhad beenappliedtotheslopes,the
resultsfromtheLangley16-foothi@-speedtunnel(reference7)
andtheLangley19-footpressuretunnelwereinexcellent~eems~t.

Themax@amliftcoefficientsandcorrespondinganglesOf
attackhavebeenplottedagainstMachnumberendReynoldsnumber
infigure7,whichalaoincludesdataobtainedfromreference5.
ThevariationsofmaximumliftcoefficientwithMachnumberand
Reynoldsnumberforallmodelconfigurationandtunnelcanditione
resemblethoseshowninreferenceJ fora wingofNY-CA0012airfoil
secticm.Figure7 showsthatforeachtunnelconditionthe
maximumliftcoefficientincreaseswithan increaeeinairspeed-
R and M increasing(seefig.4) - toa maximumorpeakvalue,
afterwhichthemaximumliftcoefficientdecreaseswitha further
increaseinairspeed.Thepeekvaluesofmaximumliftcoefficient
occuratMachnumbersofapproximately0.20fortheflaps-defiected
configurationsendbetween0.27andO.~0fortheflaps-retracted
configuration.Therewereno peakmaximumliftcoeffi.ci.entsfor
theflaps%etractedleading-edge-rou@nessconfirmationinthe
MachnumberrangesobtainableintheLangley19-footpressuret~el.
A comparisonof theflaps-deflectedconfl~ations(tigs.~(b)
and7(c))withtheflapa-retractedconfiguration(fig.7(e))at
similartunnelconditionsshowsthatfle.pdeflectioncausesthe
peakmaximumliftcoefficientstooccuxat lowerMachnumbers.For
eachmodelconfigurationa similarcomparisonbetweenthetwo
tunnelconditionsPlgt= 33 and plq,= 1.4.7showsthatthepeak
maximumliftcoefficientsoccurat lowerMachnum~ersfor plq1= 33

‘hm ‘or %9’ = 14.7. —..

Someof thechordwisepressure-distribution.titiobtained
duringthetestsarepressntedforthreeofthesixspanwise
stationsinfigures8 to~. Wessure-distributimdatawere

.

.

“
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obtained in the Langley19-fotdx’j@2~u&’t-~el for only the tunnel
= 33 ae .ecqe.a,~o~~ert~-pressure datawerecondition p19t , :.., .-.,, -’. .

available from tests in the.Rui@$F.16-foot“high-speedtunneli
Thedataarepresentedat the -imum +19s of attack for several
values of MachnumberandReynoldsnumberwith flaps retracted and
deflected.. A ccqarison wasmad%df data from the ~ley 16-foot
hi@,-speedtunnelwithdatafromthwZan@ey 19-footpressure
tunnel(p191= 33) at comparablevaluesof either Machnumberor

Remolds nu&er. As a result of the lskge pressure peaksencountered
with f~aps deflected, the pressure-coefficient scale has been reduced
from that usedfortheflaps-retracted.configuration.

Fromthepressure-distributiondatathatwereavailablefrom
testsof thewinginbothtunnels,figure13hasbeenprepared.
Thepeak2ressureccWf’icientsobtainedforeachsectionat the
msximumliftcoefficientofthewingwerefirstplottedagainst
thesemispantoobtainthefairedmaximumvalueofyeekpressure
coefficienton the*; themaximumpeakpressurecoefficientsof
thewingwerethenplottedagainstMachnumbertoobtainfigure13.
Thefigure is not so completeas wouldbe desirable because of the
limited Machnumberrangeof theLangley19-footpressuret-l.

Theresultsofthevisualstallstudiesaresummarizedin’
figure14 inwhichthestallprogressionsfortheflaps-retra~ted
andflaps-deflectedconfigurationsarepresetited.

.
DISCUSSION ,.’

. .. :.. .. .. .

.,. ..’
,.. ...
The significanceofa variationofReynoldsnmbbr,aloimon

.~-.-
,<,
theniaximumliftcoefficientofan airfoilhasbeent%l.ly~es,cribed
in’~eference1 inwh$chdataarepresentedof testsccmductedat

. .lgwf.ree~streeznilachnunibers (M.SO.08). Toreiterate;the..
pfferct of increasing.Reynoldsnumberisto causean“esr~i&
tremsitionfromlemi.narto turbulentboundarylayer.Theincreased
turbulentbofidarylayeristhencapableofresistingseparation,
anda higherangleofattackisreachedbeforestallingoccurs;
thin,,.an increase.inqaximumllftcoefficienti.s,obtained.As
pointe~out.irirefeti6nce2? theReynoldsnumberfirstaffectsthe
liftof& airfoil”at‘@deratelyhighanglesofattack.Whenthe
ReynoId6numberhas reacheda value at whichtheent$reboundary
Ilayerhasbecometurbtien%,”Were isevidencethata further
increaseinReynoldsnuniberwillnot,produceanyincreaseinthe
maximumliftccefficienti..;’.

.,
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Snthe region of the critical Maohnumber
charuzeexists in the flow,but whetheran actual

IOKMTN!io. 1299

M~r a pronounced
sepai?ationofflow

occ~s seemsto dependon-both the type of airfoil involved andthe
angle of attack at whichthe critical ~a~h,n~~e~rts,yeached”

,.. ‘,.. .
~en,.~ti’~n’Me~.&~t~”of &e”wfng, a:vUi~$~* ~~ch number

is accompariiedby h,variation in Re~olds.’numbe&,:’th@;exp-tion
for the~variationof CL’ is’ not.,~eadiQhW=6ntm”Themost

‘mar”” . ““”’ ‘
,significant point of ‘the “variatipn’o? CL . ‘“wZthMach,n~berand

max.
: “Rey’noldsnumberis thepeakvalm attained;hence>thede~~fiine

f~ctor or factors of’ this point wiU.be discussed firsth Thepeak
svalue8of Cr M be determinedby the critical Machnumber,%8x
by the Reynoldsnumberat
orbyboth,

Themaximumpressure
been plotted against Mach

whichtheentireboundarylayeristurbulent,

yeaksencountere&in testsof”thewinghave
numberinfigure13. Thecurveof :Pcr

againstMachnumberisal~oshown.Theintersectionsof thecurves
ofmaximumpressurecoefficientwiththecurveof Pcr occurat
free-stream14achnumbersatwhichthepeakvaluesof C

‘%llax‘em
obtaM.&in forcetests(fig.7). Theprobability is indicated that
the peakvalues cf CL- for each tunnel condition occmred whenthe .

critical Machnumberhadbeen reached. .!l?h&possibility that the
Reynolds’n~ber qt.which the-entire l?ounflerYlaYer is t~bulent wo~d
be reachedin.theseteets Is excluded.

.
Theeffec’~ of increasing

the magnitudeof’ Reynoldsnumlerfor a given lhch numler,however!
by chsmgingfrom the ?.angley16-foot,hl@-speed tunnel condition
(reference 5) to the Lan@eyIs-foot pressure tunnel condition

:. of’ PlqI = 33 [Geefig. k) increased the peakpressurecoefficients-.,
and,c~nsequent+y,CL, . , ; @t reducedslight2.y”’thefree-~tre8?.n

“:
Mqch’number[fig. 13) &which,~e.p&k valueof C “

.%ax
occurred.

Whentheflapsaredeflected\,an’~ncreaseW pressvxec~efficient
alongthechordrequltsandthi$increasecausesan ln~eaaed’.
msximumZift”coefficient;but%ecauseof tiheincreasedpressure
peaks,thecrifiical”press,mecdefficiefitisreachedat lowerfree-”
streamMachnumberswith.f,la.psdefle~’tedthanwithf,laps.retractidy.,,.. :,,

T& foregoing M.scuss.i&of~.&.@re’13 is based on ccxmidera$ibn’, -
of the ’maximimpress~e coe$ficierit that occurred on tie.wing.

1!
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Tisual observations of the sta~yattern (fig. 14)
discussion of the staU. with reference to only tie
wing. The stall etudieisweremadeat sevedal Mach

11

justified the
point on the
numbersand

rev=aledanabruptsimultaneousstallovertheentiresurfaceof
thewing.

Theilecreasein C
%ax

after the peak valuehasbeenreached

isdueto thefactthatthecriticalpressurecoefficientdiminishes
(fig.13) as the airspeed is increasedbeyondthis point. A.sthe
airspeed is increased, therefore, the critical pressure coefficient
is reachedon the wingat progressively lower angles of attack;
early stall is thus precipitated and, consequently, lower values
of maximumlift coefficient are obtained. Theprincipal contribution
of Reynu~dsnumbertowardincreasing %m; as pr5ti0us1y~ohkd
out, is its effect in inc~asing the ?mgleof attack at whichthe
w= stalk; hence, whenthe critical Machnumberlimits the peak
value of C?L , the effect of a further increase inlleynolds

numberis msrkedlyreduced. Thedata from the yresent tests
(figs. 7(a) to 7(c)) are too limited to determinewhetherat very
htgh airspeeds CL is affected at all by Reynoldsnumber. Flight

max
tests of an airplane equippedwitha wingofNAC!A66-series airfoil
sections(reference9)haveshownthatat valuesofMachnw.iberin
excessofO.~ theeffectsofReynoldsnumberarenegligible.The
valueofMachnumberatwhichtheReymoldsnumberwillbecome
negli@blewillprobablydependon theparticularair:oilinvolved.

Theincreasein C befcrethecriticalMack.numberIs

reachedisduealmoetentirelytothecheqe inReynoldsmmiber;that
is,thenaturaltransitionfromlaminarto turbulentboundarylayer
withincreasingReynoldsnumberallowshigheranglesofattacktobe
reachedbeforethewingstalls.Whenthevaluesof ~ are

max
comparedatequalReynoldsnumbers(figs.7(a)to7(c)),itis seen
that,inthe-e belowthepeakvalueof CL , lowervaluesof

msx
CL- areobtainedata tunnelpressureof 14.7poundspersquare

inchabsolutethanme obtainedat a tunnelpressureof 33poundsper
squareinchabsolute.Thevaluesat p19‘= 14.7 areactuallyat
higherN!!chnumbersthanarethevaluesat p19‘= 33 (fig.4)●

A plausibleexplanationof thislossinliftdueto theincrease
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inMach
at lift

numbernaybe thatalthoughtheleading-ewepres~ure~
coefficientsbelowthestallarealmosttheseine,the

tremsttionfromMninartoturbulentboundarylayerisdelayedby
theincreasedMachnwiberand,sincethewim~tested,exhibited
laminarseparation,thewingwillstallat sl.ightl.ylowerangles
of attack.Thisrearwardmovementof transition,%ecauseofcm
increaseinMachnuniber,has%eendeterminedfcrtielow-dragran~e
at theAmesLaboratory,anda continuationofthediscussionto
CL appearsreasonablefromtheresults,obtainedin thepresent
Max

tests.

Reference1 presentsa methodforpr”tiicttngincrementalchemges
..inthemaximumliftcoefficientthatoccurab a i’esultofthe
differencebetweenwind-tunnelandflightReynoldsnumberoBecause
theflightvalueofMachnumberwillusuallybe somewhathigher
thanthatusedasa basisforthemethodof’reference1 (Mos 0.08),
theapplicationof thatmethodforthepredictionofflightvalues
of CT. frcmtestsat hwReyncldsnumberwillprcbablyyield-mex
a highervalueof

beenreached.

Thepreceding

%m - evenifthecritical”Machm.zmberhasnot

discussionhasdealtwiththeeffectsofMach
numberandReynol~snumberonthemaximumliftcoefficientofa
wingwhichhasanabruptstallprecipitatedby highyeakvaluesof
leading-edgepressure.Thecharacteri~ticsof:’.wirgwithlower
peakvaluesof leadlng-edgepressureanda morecomplexstallmay
bemateriallydifferent.If a wingey~ibitsa stallproducedby
trailing-edgesepm?ation,theleading-edgepressuresmaybe low
enoughtoallowa ratherhighfree-streamMachnumlertole reached
beforethecriticalpressurecoefficientisencountered.In sucha
case,theReymoldenumberatwhicha completelyturbulentboundary
layerexietamyb,ereachedbeforethecriticalMachnumber@
attained.Theflaps-retractedleading-edge-roughnessconfiguration
(fig.7(d))isanexampleinwhichthecompl:;bounn.ry@hye&Is
turbulent.Thereis’verylittlechangein

max
Reynoldsnurtiberrange.Thepeakleading-edgepressuresflzrthermcre
haveprobablybeenreducedso thatno criticalMachnumberis
indicatedin therangeof thepresenttests.‘he‘alue‘f %w
at thelowestMachnumberendReynoldsnumberfor Q19,= 1~~.7
causesthecurveinfi~ure7(d)tohavea sharpdropinthelow
Reynoldsnuniberrange.Theshapeof theliftcurvef’orthistest
condition(fig.5(G))at CL issuchas to suggestthe

max

.

.

.

.

P
i,
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Possibility of prematurestall althoughno causeisevident.Because
~hedrop& the-curveof CL agai&t Re~olM numberoccurs

mex
througha lmrgepartof.thecompleteReynoldsnumberrangeandis
resultofthisonetsetpoint,thecurveshavebeenshowndashed
betweenthistestconditionandthenexthighesttestcondition.

1
I

a

CONCIUDINGREMARHS

On thebasisof thetind-tunnelinvesti~ationmadeto determine
theeffectsofMachn-umberendReynoldsnumberonthemaximalift I
coefficientofa w@ ofNACA230-fleriesairfoilsections,the
followingconclusionsmaybe drawn.Theseconclusionsa~pear
applicabletootherwingswhichexhibitan.abruptstallprecipitated
by highleading-edgepressux-es.

1. Thepeakvaluescfmaximumliftcoefficientaredetermined
by a criticalMachnuniberwhichis attainedatrelativelylowfree-
streemMachnumbers(approx.0.20fortheflaps-deflectedconfigu-
rationsand0.25to0.30fortheflaps-retractedconfiguration).

2. Thevaluesof=imum liftc~tficient areincreased.when
theReynoldsnumberis increasedbutthecriticalpressurecoefficient
(criticalklachnumber)isreachedat lowerfree-streamhchnmbers.

3“ Theincreased pressure peaksthat result whenthe flaps
are deflected cause the critical pressure coefficient (critical Mach
number)tobe reachedat lowertiee-streamWch numbersthanwhen

i

the flapsareretracted.

4. Afterthecriticalpressuecoefficient(c~ticalldach
number)hasbeenreached,thevalueofmaximumliftcoefficient I
isappreciablyreducedby furtherincreaseinMachnumberandthere
isem indicationthattheeffectofReynoldsnumberon themaximum
liftbecomesmarkedlyreduced.

5“ Thevalueofmaximumlift coefficientbeforethecritical
yressurecoefficient(criticalMachm.mher)isreachedisalmost
entirelydeyendentonReynoldsnumber,butevenin thelowMach
numberrange,Machnumbereffectsshouldnotbe ne@ected.Any
method,therefore,thatisutilizedtopredictflightvaluesof
maximumliftcoefficientfromwind-tunneldataby accountingfor
a differenceinReynoldsnuimberandneglectinga differencein
Machnumbermaygiveerroneousresults.

Lm:IeyMemorialAeronauticalL:.boratary
NationalAdvisoryCommitteeforAeronautics

LangleyField,Vs.,November19, 19)~6
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(a) Frontview.

F@re 2.- WingofNACA 230-seriesairfoilsectionsmoumkd tithe
Langley19-footpressuretunnel.
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(b) Rearview.

Figure2.- Concluded.



.

.

.

NACA TN No. 1299

.

.

L -;;’””‘“”
.,------—..=_-—-------~=..+..,:..—- _=$’5:E-:;“r.. .~.:.

mk- .1>.,=+.

E-
----

k %“..= -u ‘“m-------.......——.—.A“ “;*
ber—-“ :. —=--- -—

,,

..: s.+

Fig.3

Figure 3.- Close-upof tube-trmsfer system used in tests of awwgof
NACA 230-series airfoil sections i.nthe Langley 19-foot presswe
tunnel.

.



.6-

.5

.4

w
N
m
co

.3
Ma P191= 14.7

/ /

/.2 /
/ ‘

./ “ {
NATlO?U1.ADVISORY

-Im FaAEMNAUTKS/

00/2345 6 7 8X1(16 g
R. .

-4.- ComparisonoftestconditionsintheLangley19-footpressuretuoneld _ 16-foot
high-speedtunnelforawingofNACA2Kbseriesairfoilsedione.



—.

=- .

1.4
t
L

Rqmlds number Msch number

-0- 1,53)JDI O.m

-G- Z,zmpxl .15)

+ 2,L?70#xm .215

+ 3,610~ .20a

-w 4,1mpM .323

.8

.6

q
.4

.2

0

-.2

-.4

FIgwe 5.- Wrlatlo,t of lift ctildent with XIe of attsck for a Wh7gof NACA 293-8erlr.s a!rfoll ,qE&@+M
t.%kd in the L@ey l%fcot prwmms trend.

. .



v ,. P

,.1-~s-ti wch..bm I I I II I I II 11--~
1.0

/.4
F

* 2,4mpQ0

-c- 9,2xJ@Kl

-0- S,atm+m

0,077

ma

.12.6



.

. . . . . -.—.. .- .- . .—

(~) plJ - l.1.fi of = m“ (PM ‘m@.

F@re 5.- Coutintd.

g!
Cn
(a

.

. . . 1 .

I ,,



f“.

Reynoldsnmber Mach nurnM

24

22

2D

/.8

/6
Ci

/.4

f.z

/.0

.8

,6

.4

(d] P~~. - W, bf = 0° (.WUKISPIU).

F&me 6.- Cormnw.1.



Reynolds numbr ?Jwh nmlm

, . , . ,



-~~ Mmilnmnk
2B+2&)~ 0.068

- 2$50@m .091

ZI +WOW .111

+ 9,630#32 .11s

24
+ 4J60@0 .193

+ 4,440@2 .141

+ 6pmJxn-J ,i6a

z’+b~p .178

+ 6Jlopxl ma

~~ A- 6,~WI .~

-& 6,9EO)D3 .%21

L8
c%

/.6

/.4

.&

.

1

,——

m---hi l-m

(f) P~.# - a rif -63° (fldlupan).

Figm’a 5.- cOntJIDal,



[2 F.egMldEImmb3r

1:l,iimpm

/~ + 9,662@0

4J7upxl

# + 4wJ@3

Machmnlbsr

0J04

.268

.Y15

.%3) E
.6

G
.4

2

--H%

lii-YiiiiiiYi ii
u

-2?

-.4 ...----. .. ...
-8 -4 0 4 8 /2+ i6 20

Ml- MV159RY

* +
WI?TEE m AEMwrrKs

(g) p19,=14.7; Of - f; l--edge Im#meml ,

Flgore 5.- Cmtlnw?dm

. .

.1
, . #



l?ey’nolds numb? Mach nwmter

-c- qm)px 0.102

a- S,elopo .116



-..

.09‘
Langley16-fcdM@-sPe&itunnel—
(reference5)

UC .08 / ‘#-
P~9f= 14.7 plo,= 3s

/

07 — — — ~ ~ — ~ = = =
—
—

—-
“ — — — —

.06- +

08

q .07

.06

/

Langley 16-foothigh-speed_
(reference5)

1
— —- — — — -

P~@= 14.7

NATIONALADYISORY
COMMITTEEtW ASSO#AUTtCS

0123456 7 8X106
/?O

(a)5f= OO.

Figure&- v~tionofU curveslopeswithReynoldsnumberfortiewbEofNACA 2W-series airfoil
s.dions tested in the Langley 19-foot pressure tunnel.



.08 1
Plg f = 14.7

7
P~91= 39

\
—

0= .07

.06

‘i

.08

.07

.06

, ,

p~gt = 14.7 - Pig, - 33

i“

NATIONALADVISORY
CONMITEEFN AERWAUTICS

,

0 / 2 .3

(b) $ = OO;

4 5 6 7 8X/06

%i
Cf6Figure 6.- Concluded.
ma
o-



Fig. 7a NACA TN No. 1299

c’
max

amax

/;6

/.4

/.2

/.0

.8

24

20

/6

16

/.4

/.2

Lo

.8

‘-t ‘ p ,-93

/ < = : \
— Langley16-foothtgh-speed

// -PI*,-14,7 \

\ \

\ .

pl*l=33 I I I I
I 1/1 I 1’I I lF-l-Lengley16-foothi@-

~’----- “

0 ./ ‘.2 .3 4 .5 .6 *7
M*

--

tunnel

—

speed humel

= 33
’19‘ I

/
+
~

- “
LSII@Y16-fmt high-8peed

— w ~ (reference 5)

\
L . Plg, = 14.7

\

\

I

24
PIQI- 33 I I IJ

/ ~
%

I I
20 / ~ 6 - —- - Langley16-foothigh-speedtunnel

7
i (reference5)

amax \
L . P19! = 14.7

/6
NATIONALADVISORY

/2
~HMITTEEFORAERONAtAIKS

/234s67 8x /06
R.

(a) 6f -00.

tunnel

.

a——

Ftgure7.- Variationa of ma%imb l!ft coefficients and rmlmum angles of attackwi~nMeehnumberml
=lds numberfor wingofNACA2KI-serfes s&?oilsectionsteeted in the Langley 19-foot pressure

.



NACA TN No. 1299 Fig. 7b

22
c

‘max 20

/.8”

28 ~
r- Pig, = 33

24 J

amgx / y

20

/6
O ./ .2 .3 .4 .5 .6 .7

MO

2.4

22
c‘max

20

/.8

28

24
amax

20

/6

Figure

%9’ - 33 II !_

/ ‘ \

r -
Plgl = 14.7

/ ‘ (

1!!11!!!!!!!!!1
%9’ -“33

/ “
.

r – ’19’-14”7 .
\

\
NATIONALADVISORY

CQMM~EEFQRAU@NA~lCS

/234567 8
/?0

(b) 6f = W (partiakSpsn).

7.- Conthmed.

X106
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